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Title: OPTICAL TRANSMITTER 

[0038] 

[Embodiment] (First Embodiment) 

A first embodiment of the present invention is 
described with reference to Figs. 1 to 9. As shown in Fig. 
1, an optical transmission device includes precoding 
circuits 1 and 1' that receive multiplexed NRZ differential 
electrical signals from input terminals 14 and 14' and 
output coded NRZ electrical signals that are precoded, 
bandpass filters 2 and 2' that receive the coded NRZ 
electrical signals and operate as differentiating circuits 
that generate differentiated signal pulses having the same 
amplitudes of opposite polarities from the ground level, 
capacitive coupling drive circuits 3 and 3'.' that amplify 
differentiated signals to the level enough to drive an 
optical intensity modulator 4, the push-pull Mach-Zehnder 
optical intensity modulator 4 that receives differential 
differentiated signals that have been amplified by the 
drive circuits 3 and 3' and generates an RZ optical signals, 
and an optical amplifier 6 that amplifies an output from 
the optical intensity modulator 4. The precoding circuits 
1 and 1' and the bandpass filters 2 and 2' can be bipolar 
code converters that provide complementary outputs. Fig. 2 
depicts a configuration of the precoding circuits 2 and 2'. 
Each of the precoding circuits 2 and 2' includes an 
exclusive-OR circuit 7 and a one-bit delay circuit 8. Fig. 
3 depicts waveforms of units of the optical transmission 
device according to the first embodiment. 
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[0039] Advantages of the present invention are described 
below. The present invention has the following four 
advantages . 

1) The NRZ electrical signal is preceded and then converted 
into a differentiated signal by passive microwave 
components or the like. Therefore, an input signal can be 
a ternary signal of a direct-current balanced code that 
does not contain direct-current component. Thus, the drive 
circuits 3 and 3' need not have baseband amplification 
characteristics from direct current level and amplification 
can be performed with 3-dB bandwidth of only half (=B Hz) 
of that of the conventional technology. 

2) In the conventional technology for directly amplifying 

an RZ electrical signal, use of a capacitive coupling drive 
circuit causes DC level fluctuation of a drive waveform 
because of variation in mark ratio of a signal. Therefore, 
the drive circuit needs to have an output dynamic range 
that is substantially twice as large as a normal range, and 
further, a control circuit needs to be provided for 
compensating for, by using mark ratio, variation in a bias 
point of the optical intensity modulator 4 caused by 
variation in mark ratio. On the other hand, according to 
the present invention, because the differentiated signal 
does not contain direct current component, DC level 
fluctuation caused by mark ratio hardly occurs. Thus, the 
above disadvantages of the conventional technology can be 
resolved. 

3) Fig. 4 is a schematic diagram for explaining an 
operation of the optical intensity modulator 4. The 
horizontal axis represents a drive voltage and a vertical 
axis represents an optical intensity. The present 
embodiment employs the periodical electro-optical response 
characteristics of the push-pull Mach-Zehnder optical 
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intensity modulator 4. When an operating point of the 
optical intensity modulator 4 is selected as shown in Fig. 
4, differentiated signal pulses having opposite polarities 
are reflected at a direct-current level (the second level) 
of the point A. As a result, the optical intensity 
modulator 4 that has a single-stage configuration generates 
an RZ optical signal pulse. At this state, a difference 
between the phase of an optical signal at the point B (the 
first level) in Fig. 4 and the phase of an optical signal 
at the point C (the third level) in Fig. 4 corresponds to n. 
Furthermore, the point B corresponds to a rising edge of 
the coded NRZ electrical signal and the point C corresponds 
to a falling edge of the coded NRZ electrical signal. Thus, 
adjacent RZ optical signal pulses have opposite phases. 
Furthermore, by employing a 1/4 wavelength short stub line 
(with clock frequency B (Hz) in the transmission rate), the 
duty cycle of a pulse can be reduced to substantially 1/2. 
As a result, a bandwidth of the generated RZ optical signal 
can be 2B, which can be modulated by the optical intensity 
modulator 4 having a single-stage configuration. Thus, 
output power required to an optical source 5 can be the 
same level as that required for NRZ modulation. 
4) Fig. 5 depicts an optical spectrum of an RZ optical 
signal generated by the optical transmission device of the 
present invention. Because the differentiated signals are 
used, the probability to be at each of the point B and the 
point C in Fig. 4 is 1/2. Therefore, as shown in Fig. 5, 
the generated RZ optical signal does not contain optical 
carrier frequency component irrespective of mark ratio. 
Thus, spectral density of the RZ optical signal is lower 
than that of a conventional RZ optical signal. As a result, 
RZ optical signal power in which the maximum spectral 
density of the present RZ optical signal is equal to the 
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threshold density of Stimulated Brillouin Scattering (SBS) 
can be set higher than that of the conventional RZ optical 
signal. Furthermore, because the spectral density is low 
in the present embodiment, even when wavelength division 
multiplexing transmission is carried out at around zero- 
dispersion wavelength of a transmission line, it is 
possible to reduce cross talk caused by four-wave mixing 
(FWM) that has caused problems in the convention RZ 
transmission and the conventional NRZ transmission. 
[0044] (Second Embodiment) 

A second embodiment of the present invention is 
described below with reference to Figs. 10 and 11. Fig. 10 
is a block diagram of main units of an optical transmission 
device according to the second embodiment. Fig. 11 is a 
schematic diagram of a precoding unit of the optical 
transmission device according to the second embodiment. In 
the second embodiment, as shown in Fig. 10, a single-ended 
NRZ electrical signal is input and a differential precoded 
signal is output. 

[0045] A multiplexed single-ended NRZ electrical signal 
is input from an input terminal 71. A differential 
precoding circuit 72 outputs a coded NRZ electrical signal 
that is precoded. The bandpass filters 2 and 2' serving as 
differentiating circuits receive the coded NRZ electrical 
signal and generate differentiated electrical pulses having 
the same amplitudes of opposite polarities from the ground 
level. The capacitive coupling drive circuits 3 and 3' 
amplify the differentiated signals to the level enough to 
drive the optical intensity modulator 4. The push-pull 
Mach-Zehnder optical intensity modulator 4 receives a 
differential differentiated signal that has been amplified 
by the capacitive coupling drive circuits 3 and 3' and 
generates an RZ optical signal. The optical amplifier 6 
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amplifies output from the optical intensity modulator 4. 
As shown in Fig. 11, the differential precoding circuit 72 
of the present invention includes the exclusive-OR circuit 
7, the one-bit delay circuit 8, and a differential 
conversion circuit 73 arranged at an output stage so that a 
precoded output is output as a complementary coded NRZ 
signal . 

[004 6] (Third Embodiment) 

A third embodiment of the present invention is 
described with reference to Figs. 12 to 19. Fig. 12 is a 
block diagram of main units of an optical transmission 
device according to the third embodiment. Fig. 13 is a 
schematic diagram of a precoding unit of the optical 
transmission device according to the third embodiment. Fig. 
14 depicts waveforms of units of the optical transmission 
device according to the third embodiment. Fig. 15 is 
schematic diagram for explaining a bias state of a binary 
electrical signal to be applied to an optical modulating 
unit according to the third embodiment. Figs. 16 and 17 
are schematic diagrams for explaining a method of applying 
a bias voltage by an optical intensity modulator of the 
optical transmission device according to the third 
embodiment . 

[0047] The optical transmission device includes an 
electrical clock generation circuit 86 that generates a 
clock electrical signal synchronized with an NRZ electrical 
signal, a clock pulse optical source 83 that generates an 
optical clock pulse signal synchronized with the clock 
electrical signal, the differential precoding circuit 72 
that receives a single-ended NRZ electrical signal from an 
input terminal 81 and outputs a coded NRZ electrical signal 
that is precoded, differential logical multiplication (AND) 
circuits 82 and 82' that performs logical AND operation of 
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an input NRZ electrical signal and a precoded NRZ 
electrical signal, the differential conversion circuit 73 
that outputs a logical AND as a differential output, and an 
optical intensity modulator 84. 

[0048] With the above configuration, all signals in 
electrical circuits are binary NRZ signals and therefore 
processing on ternary signals at an electrical stage is not 
necessary. Furthermore, an optical pulse train with less 
pattern jitter is to be modulated. Therefore, it is 
possible to reduce pattern jitter of a modulated optical RZ 
signal. An input NRZ electrical signal is input to the 
precoding circuit 72 and thereby differential precoded NRZ 
outputs Bl and B2 are obtained of which polarities are 
reversed every time a mark bit of the input NRZ electrical 
signal is input. In the AND circuits 82 and 82', by 
performing AND operation of the input NRZ electrical signal 
A and the precoded NRZ electrical signals Bl and B2, a mark 
bit is alternately output to AND signal output ports C2 and 
C3 every time the mark bit is input to the input NRZ 
electrical signal. Fig. 12 depicts a configuration when 
the optical intensity modulator 84 is an MZ intensity 
modulator having a push-pull configuration in which a first 
optical modulating unit and a second modulating unit are 
connected in series. Logical AND signals C2 and C3 to be 
applied to the two optical modulating units are converted 
into differential outputs D1/D2 and D3/D4, respectively, by 
the differential conversion circuit. Then, as shown in Fig. 
15, the signals are biased and applied to the two optical 
modulating units in a push-pull manner. Every time the 
mark bit is input to the input NRZ electrical signal, the 
AND circuits 82 and 82' are alternately opened and the 
first modulating unit and the second modulating unit are 
alternately modulated. As a result, a difference between 
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the phase of an RZ optical signal bit modulated by the 
first modulating unit and the phase of an RZ optical signal 
bit modulated by the second modulating unit corresponds to 

31. 

[0049] Fig. 16 depicts a configuration for setting 
operating bias of the optical intensity modulator 84. A 
bias voltage is applied to either one of two optical 
waveguides through a bias port 85 that is electrically 
isolated from the first and the second modulating units 
based on an average power monitored by a photoelectric 
converting unit. 

[0050] Fig. 17 depicts another configuration for setting 
operating bias of the optical intensity modulator 84. Fig. 
18 depicts a detailed configuration of a bias control 
circuit. Fig. 19 is a diagram of a low-pass filter circuit 
(LPF) 94 that detects mark ratio variation. In Fig. 17, 
amplitudes of drive circuits 21' and 21" of the first 
modulating unit and the second modulating unit are slightly 
modulated by different frequencies, and then the intensity 
modulator 84 is modulated. An RZ optical modulation signal 
that has modulated the intensity modulator 84 is branched 
and a branched signal is converted into an electrical 
signal by the photoelectric converting unit. The bandpass 
filter BPF 1 and the bandpass filter BPF 2 extract 
frequency components that have been modulated by the bias 
control circuits. The signals are then input to bias 
control circuits 1 and 2 (88 and 88*), respectively. In 
the bias control circuit shown in Fig. 18, a mixer 92 
detects a phase difference between a modulation phase of an 
original modulation frequency signal source 90 and a phase 
of a detection signal 91 and thereby a direction of change 
of a bias signal is detected. Then, the bias control 
circuit controls to minimize the amplitude of the detection 
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signal 91. At this state, a mark ratio detection circuit 
detects mark ratio, adjusts a bias voltage by an adder 93 
shown in Fig. 18 based on a previously measured duty-cycle 
value, and makes an output. 
[0051] (Fourth Embodiment) 

A fourth embodiment of the present invention is 
described below with reference to Figs. 20 to 25. Fig. 20 
is a block diagram of main units of an optical transmission 
device according to the fourth embodiment. Fig. 21 is a 
diagram for explaining a power adding unit of the optical 
transmission device according to the fourth embodiment. 
Fig. 22 depicts a precoding unit of the optical 
transmission device according to the fourth embodiment. 
Fig. 23 depicts waveforms of units of the optical 
transmission device according to the fourth embodiment. 
Fig. 24 is a schematic diagram for explaining a bias state 
of a ternary power adding electrical signal to be applied 
to an optical modulating unit according to the fourth 
embodiment. Fig. 25 is a schematic diagram for explaining 
a method of applying a bias voltage by an optical intensity 
modulator of the optical transmission device according to 
the fourth embodiment . 

[0052] With the above configuration, an optical pulse 
train with less pattern jitter is to be modulated. 
Therefore, it is possible to reduce pattern jitter of a 
modulated optical RZ signal. An input NRZ electrical 
signal is input to the precoding circuit 72 and thereby 
differential precoded NRZ outputs Bl and B2 are obtained of 
which polarities are reversed every time a mark bit in the 
input NRZ electrical signal is input. In the AND circuits 
82 and 82', by performing AND operation of the input NRZ 
electrical signal A and the precoded NRZ electrical signals 
Bl and B2, a mark bit is alternately output to AND signal 
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output ports C2 and C3 every time the mark bit is input to 
the input NRZ electrical signal. At this state, the C2 
output signal has inverted logic with respect to the NRZ 
electrical signal input. Fig. 20 depicts an example in 
which an optical intensity modulator 102 is an MZ intensity 
modulator having a push-pull configuration. Logical AND 
signals CI, C2, C3, and C4 are converted into ternary 
differential power adding output signals Dl' and D2 ' by 
power adding circuits 100 and 101. Then, as shown in Fig. 
24, the signals are biased and applied to a modulating unit 
in a push-pull manner. In the MZ optical intensity 
modulator 102, a differential power adding output signal 
electrical pulse waveform is reflected at the second level 
of the differential power adding output signal, and an RZ 
optical clock pulse from a clock pulse optical source is 
modulated so that a difference between the optical 
modulation phase of the first level of the differential 
power adding output signal and the optical modulation phase 
of the third level of the differential power adding output 
signal corresponds to k. 

[0053] Fig. 21 is a schematic diagram of the power 
adding circuits 100 and 101 constituted of passive 
components. In case of a 50-ohm system, 6-dB power adding 
can be achieved by setting resistance R to be 50 ohms. Fig. 
25 depicts a configuration example for applying a bias 
voltage to the optical intensity modulator 102. The bias 
voltage is applied to either one of two optical waveguides 
through a bias port 104 that is electrically isolated from 
a modulating unit. 

[Fig. 2] A schematic diagram of a configuration of a 
precoding circuit. 

[Fig. 3] A schematic diagram of waveforms of units of an 
optical transmission device according to a first embodiment 
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of the present invention. 

[Fig. 10] A block diagram of main units of an optical 
transmission device according to a second embodiment of the 
present invention. 

[Fig. 12] A block diagram of main units of an optical 
transmission device according to a third embodiment of the 
present invention. 

[Fig. 20] A block diagram of main units of an optical 
transmission device according to a fourth embodiment of the 
present invention. 

EXPLANATIONS OF LETTERS OR NUMERALS 

2, 2' bandpass filter 

3, 3', 21, 22, 23 drive circuit 

4, 31, 32 optical intensity modulator 

5 optical source 

6 optical amplifier 

7 exclusive-OR circuit 

8 one-bit delay circuit 

71, 81 single-ended NRZ input terminal 
72 differential precoding circuit 

83 clock pulse optical source 

84 optical intensity modulator 

85 bias port 

100, 101 power adding circuit 
102 optical intensity modulator 
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R Z »JS£«.»IISS 5 2 t . R Z «Jt 7 £» 5 10 
OitHU NRZS&te^&iS&#W©2fg (DC 
frt> 2 B (Hz) * f) oj£ff««H4«^5t?*> 0 , fi 

iiiis/j5±/j5 5 (- o tanwftiiiii&wiRth /jsffli 
[ooi2]i29 t^t^^atff-eii, 

(ft WtfNRZ%««£ll«6 Ofci^P^BSIl 
%m<r> S / NJt* N R Z JtflT* i PJ31Jt I'SW-fS K 

)tll5©!±l^^6~9dBSSt|^t5^1^fc 20 

9, *«BWiHtb^b©|iaa*R]Bt*5„ ifcNRZ 

[0 0 13] ftSeaffiT-tt, vvfii03£«£JB^ 

05** y 7fflS*fc* &fc± n • B (Hz) X'BZ^t 

T-ii, tsatfy^T^ftSL (SBS) £J;9P«llfil£7 
roftJS^tfcf* lt s n s (c * 3 )t atj^ 7fflia 

i§iiits« 53ft i' o^mm&Km 1 ft 6 m $ # 

[0014] R zftflMS-fcfi, H 3 1 (c^-f J; 5 
ft»*.* y 7JfJ«/&£ (f c) ASife5fcftt, R 
Zjtfllt^^ WH&StfiflK, RZftflr^*^* h/i' 
$g©t*ffi/5StPI7y^7yffcSL (SBS) fciSfl! 
1lt«£ i » L < fc 3 R Z #ft*/*!7 J: B i* v > j£ft'< ^ * 
7r^/-<rtKA*tSfc, SBSteiD^ift&CiM&S 40 

X.Ii\ II. Kawakami et al. "Overmodulation of intensi 
ty modulated signal due to Stimulated Brillouin Sc 
attering Electron. Lett. vol. 30, No. 18 pp. 1507-150 
8, 1994),, rn&WRZJtfff^SriKft^l: (WD 

m) Lfc*g-Kf±, m^y^t h/^&nm^VjW 

4ft»Jft£ (FWM) ^fcU<, Xvfj-fVy's 
[0 0 15] Sfefc, fle*WRZft$SflT^S:*w^4J| 



#12000-106543 
6 

Jtc J; "9 MM^D C U-</U|?|]/j5^ 

7 s:-?- * mc «t o T««i-6ijii@ 

[0 0 16] ^U^fcJ:^, |££«T'I±, RZJt' 
R Ut 2 ffif£)l± i ft U , * y 7 4 

«»3ftM©ffi*;it&gfcft3ri:, 4«rl£ (fw 

M) icj;5^n^ h-^^W±Lj,^Ci:, ltt«^- 
^«fj(cJ;9««WDCu^a^^c5r 

[0017] *|Snj 1 w a 5 ft*Sfc|T^n/c t ro 

USES, 5fc&a^i»$§lcSS* $*i^SMf ^*«^<Siia 
rtS:BWt1-5. *559!lix S B S J; 5 7 r-f ^^j 

SrlWit*. *?SBJ1(±> 4 3t»JB^ (FWM) 

if o ^ h - * ro|f#&fi»t S c i: §. 5 jfefiilSS* 

^•^ftlc J: 6 D c w-<;^f jcoft ^j'fifiS^tt^feW-f 
[0 0 18] 

[ISS^»*t5fcfc»^] *»Mtts NRZ«affi 
fl-firA^tSA^ffl^fc, ^wA/J^/J^A^^tifc 

mm&t&^mx NRzgsjw^fs^^ATj Lm% 
n r z m mmt -^m ^snrz mmm -n-on 
mut i My y-m^tdt %t ©#flkwtiafnwfitsr 

»».«^m#^^^ lat/ii o t 3 immrmiimv 

I2« U"<;U4: cfiC?lt, |R^l^'«/i/ ^SJKSrSf 0 S 
% Mft 5 J: 5 iciiittJtSr'jtR Z 3SJStli 



(5) 
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tmmm^mx y^y^ymmm&zttt 

[0 0 19] S fc A/J N R Z HMM^ft is "s ^Vux V K 
A^Ci^tt'^tt), 7*y 3- K^ftotti^gHlffi 
K fc o T V , ■ « U Mti£ £ iPlt -5 o 
[0 0 2 0] CWJC^lC, NKZ«^t-§-Sr7"y 
y ^ LfcW*>«5MS*CSEljH-4 i fc t ± 5 , A/iff 
S 4l«i¥»ff1r* 0 a»o 3 fiff 

^e,©^-*^ Kmg • mmm±vmte < * o , s 10 
* s ^« b ss-c»£t s - 1 ^ -e # 

# 7 3 5 £ i £ 3 . 
[ 0 0 2 1 ] § <bfc, »^#trlv wafcft£jas 
ti/cRZ^f-5§-J4, -y-^KJ^-fft©** !J 7«jR 

$©RZ3^a#*^ WMSStlt^fiKfrSo ciwfc 
* > #3§ © R z ftjf -S-© 7x ^ ? I- /UtfJt ©ft^rffl A^f5 20 
^!)^7V»a (SBS) iri-SLtWit^It^L 
< 43RZ ftflT*/* 7 tfs % «M© R Z Jtffi* J: 19 ft 

*«RZ, NRZte&T?HJBifc5 4#i8iI£ (FW 
M) iCHZtvZb—lKD&W&imvZZ. ' 
[0 0 2 2] /^l^b y^*C9f£tS/JS|x*5L 

T ^ 3 fc ft , fia&BKfc ft 5 «S5MR«f K i 5 ^fvs° 

?«£tu ^r H w&5i^e^U(iv\ 

[0 0 2 3] *3SMWt UT> fffclSi: 

? % ^mt , ssnrz a^^as iRisa-ts^ny^tt 

afS-t 4:3841-5 ^Si, p y^m,\t^Xti 

t L"C, SR* O y * UStff ^(^Si Ufcit* B '7 * 

y kn r z u mm r z amffl-^- 
tft-s-tofiftfittttaffiiotttfiiiffl^i-s^y 3- k 40 

mi t , N R Z ttS[ A^ff 5? t 7° y ^ - K $ iXfcSlilN 
R Z fB*Sr A^D £ L N R Z *«A^{f^ iiT'y => — 
K* nt^fjNR Zffi^iai«(75fi^^ftffl^1-5 2 
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[0 0 24] *»ijl3ro*fc 1 5 -owfMfc UT, gjfri 
Ift-f5#©f4, 3I£N R zm^fa mmnti 

A^i l-c, p ytnmsmmmitzj'ty p -7 

/ny KNRZB^A^fS^^A^L, aiRNRZl* 

im<Dii.tmm'Rzm%ii^m^m 1 try mm 

StttSttNRZfll^SrA^i t-C, iflNRZttMA 
^ff^i^^7°y K^nfcHftNRZiftwmSfl 
<Dfc&mHUJ]t& 2 oeoHftKSJtfJWS: t , 2 o 

^ : #ftN r z {mv< vnnmj^ynw&^Wi 
tzwiRttWik. mm?v -ytjimzMitL 

2 © u^jisZ'piA^vnwfis-zN 5 is u ^ 

[0025] «i^ro&J©tMt UT, fiyf«t5? 
mt, y p y^flm-C Lfci5oTitSc3t4rjt3ag3EiIS: 
ff 5 8 1 ©^^S^ii^a i , ' ©8 1 © Jt3SaSE«# 
©©tiWttif -^^rN R Z efiffi-^l- Lti5 0 T3t5SS3E 
WSrfi 1 5^2 ©jt»fi3EW^S t , SWN R z l^Uf § 

*a^ lsi^n r zmftflr a»N r z e^ft-^ 
ffit m^-r § 7 0 y 3 - K^ix t , r ©*fltft»fflfu©ig 

(C Lfc^o TArtc!* 2 ©^3Sl$321i¥S©ttJ^it{f ^© 
1 /^uxfit re fo©{M-1^jt^4^ 5ffitB*W¥« t 

[0 0 2 6] 

[?§^©^j'B(?>ji^] afflrosufcw^iBSriai^ mi 

. 0, 012, El 2 0*3J;^112 6 4"#,lLTfMt5 D 

mxhz, mi oi4*?gs^©*2«M©^^«: 
©^i?7*n yy-mf&mvfo&o 
[0027] m 1 2 14, jwsBuro* 3 iijfiffliroateas 

t©^7'Py^ir'fo5o 0 2 Ott*3SSroSS4^«t 
fJ©^f5^gft©SH57'n 3, ^ |g|-e4>S D W 2 6 l±, * 

%moM 5 ©jtenisarosfifsy p y 9 MXh 5„ 

[0 0 2 8] *m<o% 1 t-Sf^lt, Hi 1 t^t «t 9 
NRZttMff^^A^I-SATJ^l 4*3,fctfl 
4' r©A7]ST- 1 4&£lfl 4' i^Xtl^htc 
ffjfdN R Z mail ^ ?r R Z JtflT S-teSftt * ¥S t *i» 

[0029] *BK©WSit5tr5i±, Bu 

laacftta^Stt, A^i^i4feJ;^i4' t-bXfi 
ZhtzN r z Sffjl^ffl §-4 SttN R z jgf j«»flr §■© 



(fi) 



K-Cfe5^!J3-Kia»i* , J:tJ c r c©J#ffi« 

Y'stzy j fr#2$3£T$2' £, ::©» 
ftafcflr*'^* ic t fc# o "C 3 §»>H;^t-f ©f? 2 

tt£flH3-©»i £|S3©w<vM£*j-jST5ft'£fHf 

ft* 5 i 5 *«jsaEm- 5 mm 

fcfc, *»S3ESSS4f±, ^y^7znyylfij#gEpf§£ 

[0 0 3 0] *$S03<DS5 2 ©UttfMfi, H 1 o kzf^-fi 
1 1C, NR Z«^ft^&A^t-5A^«T- 7 1 £ C©A 
2i JB?- 7 l a» ATI $ JifctfUEN R Z *ftfl|#S: RZ* 

[0 0 3 1 ] r_r_x\ *«^w«r»t 1*5 £ * 7 ->!ts ffil 
ES*t5*aii, A7J»-?7 iA»bA^S^t->^ 
yny KNR z*«ft #fcSt*NR Z t S 
' R N R Z "IMff ^©^ffi£ 1 f j, h $ -totft # £ 20 

5 g» law 7° y a - K^a 7 2 1 , w ©0M&«tts?n© 

ft©£tJ-^£&j;t>\ fc*>Ta J 0£"t\ -tft-ea-iffi 

fcs^y K^7-<^ 2*5^^2* £< ciwta^ma 
$ i £m 3 nw^to&tzft^tmtfnmst. 

%m&4ti:ffiX-Z>bZ?>KLt>Z. fc*53te»£*WB&4 30 

§| [0032] #*W©» 3 orMM\n, W l 2 !.^.<1\t 
5£, NRZ««lt '°-feA^t?)A*5r»8 l £::©A 
^JS7- 8 1 tWcMSBN R Z tt£ft^£ R Z it 

[0 0 3 3] *3M©Wi£T3£-5ii, m 

T-5^ 7 n y^^^^ilf;8S8 3£, Vz-^nyKNRZ 
«MA7Jffi-§-£A7J U SfJCNR Z »»§-©«:£ 

nr zttftffl#ro^#«:S: i try h»jBE£#/tflr#£» 

mmmMmmzm!itit)i-67 ] j k^s 7 2 

h NRZ ftft ATJffi 4§- £ 7° y 3 - K £ tWcgfjN R Z 
if ^-£A7J £ LT , NRZ *»A7J{f^- £ 7° y n - K $ 

-■ titzmmR zft *©Miafii<oiits:g«iw^t5 2 00 

MliS*f $ W£ 7 3 , 7 3' , 8 2, 8 2' h S 

tLfciJSo-c, £7-A©»M s ®M«K»i£ftt 50 
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m mm £ ht. 2 iwm&mt 5 «t d , a s ft * o 

y * %AMt%wm tim Sra4 tJEW Ltt^j jtftt 

^ f y h ©{iffi ^ H/j. 5 J; 5 f;;tt££|| 

[0 0 34] MlWiO^A Bltfllt El 2 0 1^751- J: 
0 (c, NRZ «^^S:A^t5 A^S-7- 9 1 £ , £ © 
A**? 9 1 /J^A^ 5 ^fcfflENR Zm^ff ^^R Z 

[0035] *»^ww»i-f5fc-5fi» W 

Easftts^aii, aBENRz-aftflrwiRisi-rs^ o 

SSg 8 6 t , ail^ n y ^SfUE-H-SrAfl £ LT, 

tZPv <y?;<^*%U8 3 £, i/y{fj^y KNRZ 
««A^3fll#tA^ U SttNR Zl^,ff^©flt£ i|R 
NRZtftfitOffttirl t'y hgji§^fdf^£© 

£ , NRZ ffiMA^ft^" £ 7" y n - 1-" S HfcgfjN R Z 
H^rfcAt) £ LT, NRZ tt^ATJffi t £7"y a— K$ 

. *ifcHiiN r zit ■^•coafeasK©fi4:iiiitb^t5 20© 

M»fiaaif-|-^a8 2, 8 2' i, 2o©^'S^fjf5 

sa^to ?) ©ma©n4 5 2 ^tmtm^itN r z 
fgioo, 1 0 1 £, mit?w?m%&Ajih 

ff*'(OjB 2 © U"<;nSr«f .^H^^iiDllff-f-SrJf 0 U 
JP*«F*©« l £ ffi 3 © u^</H;:*fj£:t5*a£lHt£ 
®tf % m 5 J; b wmit? a v *4r3ft«jEWt 
«5Sir»i?Sl 0 2£^i^5£r5(cfc^ 0 
[0 0 3 6] *3BM©« 5 gjfeflfj, 026 |C^t i 5 
(C, NRZ««lff^?rA73l-5A7:*g-7-l 8 £, r©A 
TJffiT- 1 8 frhAf] $ ntSUIBN R Z R Z ft 

[0037] -r-e, *?§p^©Wt£i-5£^6B, W 

fE^lfel-a^tt, AT^^T- 1 9 /J^ATJ Stbfc^ a 7 
^ff^icLfc^oTiife'^ft§W^*fr5Bi ©ft 
?SJStil¥®-C'fe5ft^S^ii^3 i £, 

mH3 1 ©fcttfJ3tefe*£NR Z«ftfl!#t Lfc^oTft 
5Sittlll*fT 5 SR 2 W3t!fiaaill^S!-pfc53t3fiftSP 
^3 2£, ^!lNRZm«lfl^^A7JL^IlNRZll«i 

#^©-(ii£ ^f^NR zttM-ff f-ro^#ffi«r i try MM 

$*/cjf^-£©l»^afP©fi^tti7JtS7°y 3- K 

-m-efo?)7 , y k@k i £, ^.©SNi!iWf™aft©<i: 

Id Lfc^ot«SS»3 2 ©ffi^ftjf ^-©-7-^^ 
t it To ©ffiffi^f h % $ ± 5 fcffi aEW¥»Tf fe 5 
{iffl'^flSff 40££fa3£C^lC&6 o 
[0 0 3 8] 

[9itw (jbium) *»w«isiaffl4:t6di~ia 
tcnRzmrwm^x^m-i mini a' 
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ft-^N R Z *<Mt*«:7Jj 1 U ^7 y K l^-Wf 

5 kLXto'O h''<X 7 ^ 2 £ 4 1>* 2 ' 

t , «}^£)fc$ggt«4 »«ft«E*-tf8l6tS 
^ftg^Mw.»0S&3fcJ;O<3' t, lg»|HlSg3£4 
3 ' Kit) if *fi $ nfcSKltt^Mt^* tU, R 
Z:7£{f : £&4!J$1"5 push-pul l ^^7°WMa c 
h-Zehnder &®fttt&XM8 4.i , %W£M 10 

7° y 3 - K@fc l *s J: l * iv<y hv<* 7 ^ /u^ 2 

tLXmmhXhl^\ 0 2C^ya-KlllK 

2J34t>*2' flUftSSrSif. *J5MW^y 3-KIHIK2 
£4T>*2' tt, ^i^S?«7:fc4tn t> bSffi 
IflJI^Str J; (5 tM $ nS. *»MO» 1 Hlfe^Jw JtfiiiS 
St6«©#S|S(Oifi3l5«ria 3 ic^to 
[0 0 3 9] cc-c, *»W©!fUAS:lftWtS. #»H 

©HJ/Sfi, ttT»4^T*fe5. 1) 20 

y yyifcntflW ? pRSlSiFq*ffc J: 5t»' 

r t f~ J: "3 , A^{b^I«>£^ 
* ft^ttflE¥3W*-e & 5 fr-o 3 fltffi* t ft o "C ^ 5 1 
ft, SPttlElSg 3 fciTJ? 3' (4, jliS^FxO^-^/^K 

ii*w4#&k*< 9,3d B^mm^ftw 

(Hz) T?i|iH/j5pItgift§ 0 2) «©RZffl^t^ 

ftfll ^4ttojl#£^ £ ft v "tc ft, -7-^ *K J; 5 d c 
ix^tfij^ft<_htBwF B 1H/5W$ix5 o 3 ) tfc, 
H4tt*«WW3t3a«3EWS4»«i^4:ttW*-5fc«>« 

ia^&9, «wt««j±^i o, mm^mmt 

6 0 push-pull?^ 7"<7)Mach-ZehiiderSC0ft$5'£P3§ 
4W^fflWft®M)t^#tt^-IJfflL, tlj^&t L-CB 
4 (75 J; ■? (Cjl^r h 4 9 , tt#flr#<oafc5#tt«:# 
o^V^iS, .fiACili^/l/ (|2(D^) fe^'fr 40 
KSf 9 ISSir LT-g«fi£«3te»S£lIS&4 

B (firou^) <t,&C (i3«l/^) <7)3£<£>j£ffl 
(4 jc fctt^ft 9 , ft^fcN R Z »^jS^«l»i 

t, _tjfts o i y *; t £ % _t # 9 x j; jstjg t x i/ ^ fc 

m^oRz%\t^^Mm\m-rmi.^x^o ■ 
* /t, i / 4 y a - m * (feisa© 9 p 

y^HjfiftB (Hz) tCiSttS) SrfflPS C i t J: 9 (5 
ff/^/du ty eye 1 e ;$* 1 / 2 fc ftS, CiXtC 
4 9, 4j*^ti/iRZ)t{t^«l42Btft'9, -&» 50 
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n5ffi^]^yt)NRZ^P#^lRl^lCT^5 0 4) H5 
!4*?§BJ!»3 , cf5iiSttl-l4 5RZ^I^O)t^-<^ 
4r*1-|sa-C&5i6^ la^il^^l^T^S/cft, |3d 4 £0 
,6 B t & C WSSffispttiK'f 1 / 2 £ ft 9 , '4f $ $ ixfc 

ro^r-v y rja«M^i4ft< ft 9 , Rzitmy^ \- 

ft?., rrofeft, *»W©RZ*fll^-ro^^ h^aiffi 
roftAft/J 5 M»7" y /U7 yfc£L (sbs) 1 4 2> Mtttt 
Jlt^t<ft5RZ Jtffi*^ ^ , ffi*fl»J W r z Mm 
49it5<T-t5 0 h/uf-S»^tic4 

9 , &mommmmximm&muzWi&x 

ffi*©RZ. NRZ{H^Tf B 1Mtftofc4«^ 
( F WM) (C45i?n^h-^ ©*#4:{S«i- 6Ztffi 

[0 0 4 0] «§fflro« i SJ^jroiteiSB^Jlv^c 

^SftStt^H 6 t*i* 0 0 6 ©«4, 1 0 

G b i t / s t^tt-SftffiKifER Zflr*BS*KO»fili 
^J-Cfe^o r-?y-X 1 0/j^dj/jStlfcNRZlfj 
§"14, -^n^XT 0 Pa- KM 1 Jo 4 U« 1 ' |C A 

^jw. 7*y 3-K0Kit3£tJ«i' rota^tt, 

^ft^ttSo r©a^tm»[ilii'«3tD403' (C4 
9 ills $ Jx, 4 fit? 5 /j^ ©liHyt AS 

SIjIUSS 3 *s 4 V 3 ' ffi^flj*^ i o -CSSS^H $ 4i 

s. 3t»«aii«4otn^rt:jte*«#6 ic4oTtiii§$ 

ft, &mi 2(c4 9Sffiflll^S$ftS 0 SffiiJt:- 
(4, 4-f. 7v?*-9 9(c4 9S{fff €-W*iJIMJPfi 
SH,' Sfffgftl 3(CA^$ftS 0 SflSli3-eu, 

n r z mmit ^-fc- ±t;* p y ^ffi snrsft s 

*1 ltA^SixS. ftfc\ S«iJO«J*t3 4t) ? ®]fl:t4 

9 , *ipj t immmm^^xim 

[0 0 4 1] Wffttfilt^^ K^X7-(^ 2 
fc4U<2' 14, l/4fe*->3-h^^7~« (611 
%(D?vy?mm (Hz) (cii(+5) Srffl^-CHS 
rtLi4;ISft/<y 'hV^7-</^*rffiV^Tt 

GHz "Cife 9 ffi3fc»koiH l J^©ffi i «-C 1 0 G b i t / 
s {iffiS$ER Z %\t WbQL^ttz, 

[0042] E7 tt*mmtfc%mm^± % r zitft 

^^Srl/2, 1/4, 1/8 t^ft^-^Tt, DCV 
ffiU ^ lal ^ frffifr-r KKJtfc R Z 3tflt^-i5»4-e 

[0 0 4 3] El 8 (4*?gBJ!W)te^t(- i 5 R Zftft 
^©^^ ^ if h /i/*3 4 *f^J © ft£i££Ht i 5 R Z 
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'M*io £ e> 0 9 \t*%m t mm t ©&*»t»f 

j££8ri:5. 0 9f4, 10Gb i t/strtsitsjfitt^ 
fc«H4«:it*ftl i T'JttS! t/c„ 0 9 i> bgfllJB 

ZJtflT-fg-lil 0 0 0 p s/nm-CfeSWCSU, #3S 
Wi4l 7 0 0 p s/nm-C*fc9 1. 7{f£:&oTVSo 
ELb&> & 86ft#K =t 5 9sfc<n$j} ftWi-k £ ft-a 
t^Mb 5. 10 
[0 0 4 4] (g 2 Hft{?lJ) *^©ifS 2 H»J£0 1 

o*jj:t^iasi 1 1 zm^xmmzo m 1 o i4*»i©si 

2|l»!l©ftfci£8fi©SgB7p ^KlffcS. 0 
1 1(4, *^ w ^2W^WMWj , fi{ESgfiW7°y a- 
K#& L £^1-0T-fo5 o #WJ3<0*2 0£lE0y?[i, 0 
1 0 [CTFt i. 5 1 ■» y K A* © N R Z Sftft * 
;S§j©7°y K{ftaw*ttlfl1-3fll*c?fc5. 

[0 0 4 5] #If b § ft/t ^I/x y KN R Z *«fl| 

i§ii«7 2t, ^-{UNRzmsiflr-i-^A^tu fyy 

^Sr±j*1-5»5)-|ilKt Lt^y hv<*7^u* 2 
•C-i|i|igt5$*^^aw«Hi^ 3 *s 4tJ< 3 ' t J; U i| 

m^h±mwmm^Ati t lx, r z %m*m 

•fSpush-pull f 4 7©Macli-ZehnderS©)t5lggEP|g§ 
' 4 «»«4 ©til*S:*i|B1-53fcJSffi*6 J: 0 

0ii ici^-fj; o (c, p 7 *5 i tjt i tr -y I- a 30 

m®$7 3(c4.i9f»$£ft3 0 

[0 0 4 6] 3 n»j) *$s iw © jg 3 mm £ 0 1 

2-1 9 £jf^TlM11-5o 01 2l±#3S93«0#S3&Mi 

iotfeigffflll^D^iiBffe?). 013 
ft{£$^fi©#g|5©ft^£*i-0-t?;fc3 o 01 5i4, * 

$&a ©3? 3 ©m^o^ti^ mmt z 2 mm 40 
-%o-);<4 77.&mwni-mxh% a mi q, ntt 

4 7xWBM£*:Wiw-rz > mxhZo 

[0 0 4 7] N R Z«5Uf -!§-;4S|lffl1- 5 * Py? 
^■Sr»4+5««^ n s/*££HII!&8 6 fc, ilJ?^ n y 

* p y?/<^*i8 3 t, Vyfi^V KNRZS^i 

fo%fkhm-z ia>e>A*u 7y ^-r<<y?'£ti 

^Blfi 7 2 £ , A^NRZmaft^-t7*!J 3- KNRZ 50 
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